This paper presents an application of the recently developed theory of optimal Discrete Event Supervisory (DES) control that is based on a signed real measure of regular languages. The DES control techniques are validated on an aircraft gas turbine engine simulation test bed. The test bed is implemented on a networked computer system in which two computers operate in the client-sewer mode. Several DES controllers have been tested for engine performance and reliability.
Introduction
Discrete-event dynamic behavior of physical plants is often modeled as regular languages that can be realized by finite-state automata [RW87] .
The sublanguage of a controlled physical plant may be different under different supervisors such that a partially ordered set of sublanguages requires a quantitative measure for total ordering of their respective performance. To address this issue, Wang and Ray [WR04] have formulated a signed measure of regular languages followed by Surana and Ray [SRO3] who have constructed a metric space of sublanguages based on the total variation measure of the language. Based on the language measure, Fu et al. have reported optimal control of regular languages in a series of papers [FRL04] [FE031 [FLR03] .
This paper presents an application of the recently developed theory of optimal Discrete Event Supervisory (DES) control [FRL04] , which addresses state-based optimal supervisory control of a gas turbine engine without considering the event disabling cost. The performance index of the optimal control policy is a signed language measure of the supervised sublanguage, which is expressed in terms of a state transition cost matrix and a characteristic vector represent the discrete-event dynamical behavior of a generic gas turbine engine. It is a component level engine model that represents the nonlinear dynamics of real engine operation. However, this model does not capture various aspects of the engine's abnormal operations (e.g., low oil pressure, high bearing vibration, and foreign object impact), which are of paramount interest to the pilot. For proper decision and control, this information is necessary, and was obtained by running various engine scenario simulations and compiling information regarding pilot experience. The resulting DFSA plant model was used to design an optimal DES control system for the engine operation.
The engine simulation test bed is implemented on a networked system, where two computers operate in the client-server mode. The plant (i.e., engine operation) computer is the client and executes the engine simulation. The control computer is the sewer and executes the tasks of the DES control and other ancillary functions such as information display. Several DES controllers, including the unsupervised plant (is., the engine without DES control), have been tested for comparison of engine performance and reliability. To our best knowledge, this is the first time the theory of optimal DES control has been applied to a large-scale complex system. The paper is organized in six sections including the present one. Section 2 reviews the salient concepts of the language measure. Section 3 summarizes the DES control techniques. Section 4 discusses the implementation of DES control on the engine simulation. In section 5, the experiments carried out are discussed, and the experimental results are examined. The paper is summarized and concluded in Section 6.
Brief Review of the Language Measure
This section reviews the previous work on language measure [WRO4] [SR03] . It provides the background information necessary to develop a performance index and an optimal control policy.
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The ( n x 1) characteristic vector is denoted as:
The (n x m) event cost matrix is denoted as: fi = [?U].
Definition 5 The state transition cost of the DFSA is defmed as a function n:
if ( u~X : 6 ( q , , u ) ) = 0 .
The n x n state transition cost matrix, denoted as I l , is defined as:
Definition 6
The signed real measure p of a singleton string set {s) is defied as:
The signed real measure of L(9, ,q,) is defined as:
The signed real measure of a DFSA G;, initialized at the state qi E Q, is defined as
The n x 1 real signed measure vector is denoted as: For every state .qj for which p j < O , disable controllable events leading to 9, . Now, I l l = no -A0 , where A' 2 0 is composed of event costs corresponding to all controllable events that have been disabled at k = 0 .
Step 2 Starting with k = I , if pj 2 0, re-enable all controllable events leading to qj , which were disabled in Step 1. The cost matrix is updated as: damage reduction under DES control. Although the given throttle inputs are the same, the supervisor modifies them only if high damage increment is detected. Consequently, input to the engine simulation is adjusted to reduce the damage increment rate for the supervised case. Damage accumulation is formulated as a function of high-pressure turbine gas inlet temperature and shaft speed.
For (statistically identical) random throttle inputs, Figures 5 and 6 show the engine outputs for the unsupervised plant and supervised plant, respectively. Comparison indicates -60% damage reduction under DES control. 
Language measure parameter identification
Analysis and synthesis of an optimal DES controller require the identification of the event cost matrix. Similar to continuously varying dynamical systems (CVDS), we use techniques of system identification to identify the language measure parameters of the DFSA plant model -the elements ig of the event cost matrix fi (see Definition 4 in Section 2). As the number of experiments increases, the identified event costs tend to converge in the Cauchy sense. For stationary operation of the engine, since conditional probabilities of the events can be assumed to be time-invariant, the identified event costs and their uncertainty hounds can be determined. Wang et al. [WRKO3] have reported details of the identification procedure and its experimental validation on a robotic test bed. As a typical case, Figure   7 presents identification of event costs at state 6 (engine operation under normal damage increment). During 100 experiments, the states visited and the events triggered were monitored and plotted. The characteristic values of the four marked states in Table I are assigned as: -0.05, -0.20, -1.00, and +0.20, respectively. These values are assigned based on the designer's perception of the importance of terminating on specific marked states. For example, the bad marked state Unexpected engine halt in Table I is assigned the characteristic value of -1.00 because the single engine aircraft will most likely be destroyed if the DFSA terminates on this state. On the other hand, the good marked state Mission successjid is assigned the characteristic value of 10.20 based on its relative importance to the loss of the aircraft. Table I1 is shown to exhibit that there is no further improvement in the language measure. 
